SUMMARY
INTRODUCTION
Maize yields were very variable in Hungary in the last few years. The year-to-year variability of maize yields is primarily due to the effects of the growingseason weather. The most obvious weather influences on maize yields is precipitation during the growing season (Hollinger and Changnon, 1993) . In Hungary, the annual average temperature increase was 0.68 °C, while the annual average of precipitation decrease was 83 mm during the last century (Jolánkai et al., 2004) .
Tillage influences maize growth and yields by changing soil structure and moisture removal patterns over the growing season. Soil structure and moisture removal changes depend on soil properties, types of tillage and climatic conditions (Gruber et al., 2011) .
According to the terminology of the American Society of Agricultural Engineers, conventional tillage is a form of tillage, in which the operations traditionally performed in preparing a seedbed for a given crop and grown in a given geographical area, while strip-tillage is a system in which 30% or less of the soil surface (bands in the row) is tilled (ASAE Standards, 2006) . It clears the crop residues in a narrow zone of soil and loosens subsoil layers prior to planting. This tillage zone in typically 20 to 30 cm wide and 25 to 35 cm deep. The residue-covered area between these strips is left undisturbed.
Inversion tillage by moldboard ploughing is a traditional method of tillage world-wide and in Hungary, too. In the last few decades, disadvantages of soil inversion have become more evident particularly in semi-arid or continental climates. In a long-term soil tillage experiment Gyuricza et al. (2004) obtained higher soil moisture values in the reduced tillage systems compared to moldboard ploughing, however, there were significant differences only in the upper (0-10 cm) cultivated layer.
In respect of the yields between various cultivation systems the results are contradictory. Wysocki (1986) , Lamm and Aiken (2007) reported crop yields were lower with strip-tillage than conventional tillage. Recent studies (Vyn and Raimbault, 1993; Opuku et al., 1997) found out that there are no significant differences between strip-tillage and moldboard ploughing yields, while (Ferencsik, 2013; Sulyok et al., 2013) reported that strip-tillage increased yield compared to conventional tillage.
The objective of this study is to evaluate the effects of the various cultivation systems on soil moisture content, on maize kernel moisture content and on yields.
MATERIALS AND METHODS
Based on the experimental database of the Institute of Land Utilisation, Regional Development and Technology of the University of Debrecen, Centre for Agricultural and Applied Economic Sciences and the KITE PLC, various cultivation systems were examined with maize (Zea mays L.) as indicator plant in Jász-Nagykun-Szolnok country. The sample area can be found in the outskirts of Kenderes (N 47°14'37"; E 20°38'01") on meadow a chernozem soil. The monthly average precipitation and temperature from primary tillage until harvesting are shown in Figure On the examined plot, strip-tillage, subsoiling and moldboard ploughing were performed, each on 4.5 ha, respectively. The technology of the examined cultivation systems is shown in Table 1 .
Moisture content of maize was quantified with Infratec 1241 Grain Analyzer. Infratec 1241 is a whole grain analyser which uses near-infrared transmittance technology to test multiple parameters (moisture, protein, oil, starch etc.) of grain and oilseed commodities.
Undisturbed soil samples were taken from each treatment from the upper (0-10 cm) cultivated layer before sowing in 2012 to determine the soil moisture content. In 2013 the soil moisture measurements were performed with a Field Scout TDR 300 soil moisture meter. Electronics in the TDR 300 generate and sense the return of a high energy signal that travels down and back, through the soil, along the waveguide composed of the two replaceable, stainless steel rods. After using a calibration curve to determine the soil moisture content in the 0-20 cm layer, the meter's period readings were related to volumetric water content. Determination of the minimum number of measurements for given error of estimation was based on Sváb (1981) method: where: n = minimum number of measurements t p% = critical value of t-test for given probability and degrees of freedom s = standard deviation h = error of estimation AGRáRTUDOMáNyI KöZLEMéNyEK, 2014/59. pagina Maize grain yields were adjusted to 145 g kg -1
moisture. Data were analyzed using the R statistical software (R Core Team, 2012) by one way ANOVA and Duncan's multiple-range test with the package agrocolae (Mendiburu, 2013) , when treatment effects were significant. Statistical significance was evaluated at α=0.1. In the figures columns marked by the same letter have no significant difference according to Duncan's multiple-range test.
All of the tables and figures were created with Microsoft Excel 2007.

RESULTS
Before sowing in 2012, the highest soil moisture content was observed in the strip-tillage treatment, in the inter-rows (22.97 V V -1 %) and the lowest was measured in moldboard ploughing (18.24 V V -1 %).
There is no significant difference between the various cultivation systems based on the analysis of variance, except the strip-tillage inter-rows. The undisturbed soil profile had significantly higher moisture content (Figure 3 ). Based on the determination of the minimum number of measurements, there were taken 50 measurements with TDR 300 soil moisture meter in each treatment before sowing in 2013. Figure 4 shows the results in relation to each treatment. Tillage effects on soil moisture content were significant in the upper (0-20 cm) cultivated layer. The highest soil moisture content was observed in the strip-tillage inter-rows. Between the cultivated striptillage in-rows and subsoiling there was no significant difference, while in the case of moldboard ploughing the lowest soil moisture content was measured, which was almost 10% lower than in the case of the inter-rows of the strip-tillage treatment. 2012 was an extremely droughty year. The maize yields were significant higher in the case of strip-tillage and subsoiling treatment, then in the moldboard ploughing ( Figure 5 ) and the tendency of the maize kernel moisture content results were similar. The maize moisture content was significantly higher in the case of strip-tillage and subsoiling treatment than in the moldboard ploughing (Figure 6 ). There was no significant difference between strip-tillage and subsoiling treatment according to the maize yields and moisture content of maize kernel either.
There was no significant difference between tillage systems according to the maize yields (Figure 7 ) based on the analysis of variance in 2013, but there were significant differences between all cultivation systems according to the maize kernel moisture content. The highest kernel moisture content was in the strip-tillage treatment, while the lowest was measured in the moldboard ploughing. The subsoiling technology has 1.6% lower maize moisture content than strip-tillage and 4% higher than moldboard ploughing (Figure 8 ). 
CONCLUSIONS
The effects of primary tillage on maize kernel moisture content were significant in both years. The maize kernel moisture content was significantly higher in the strip-tillage and subsoiling technology compared to moldboard ploughing. The moisture content of maize has to be taken into consideration in the cost-benefit analysis.
Our findings show that the soil moisture content was affected by the primary tillage in the cultivated layer. On the basis of undisturbed soil samples (which were taken in 2012) we could not confirm differencesexcept for the undisturbed strip-tillage inter-rowsbetween tillage systems in the upper cultivated layer according to the soil moisture content. The soil moisture content was higher in the strip-tillage and subsoiling technology compared to moldboard ploughing in 2013.
The results of this study show that we could not confirm relationship between soil moisture content before sowing and maize yields. The maize yields were higher in the reduced (strip-tillage and subsoiling) systems than in conventional (moldboard ploughing) tillage by droughty weather conditions in 2012. There was no significant difference between the treatmens according to the maize yields in 2013.
In general, our findings show, that strip-tillage and subsoiling can be alternative tillage systems beside moldboard ploughing on meadow chernozem soils in Hungary.
